Introduction
Surgery with instrumentation to the spine has been shown to provide excellent pain relief, stabilization and quality of life in patients with spinal metastasis [1, 4, 12, 13, 15] . Surgery may also offer superior outcomes to other treatments, such as radiation in cases of acute spinal cord compression and neurological deficits [7, 11] .
In comparison to degenerative spinal disorders [5] , there is little data on the use of minimally invasive surgery (MIS) as an alternative to open approaches for spinal metastatic surgery [9] .
The benefits of MIS in spinal surgery compared to open approaches include reduction in muscular trauma, blood loss, cost and hospital stay [3, 6, 10, 14] .
Here we present a surgical technique of posterior percutaneous instrumentation with minimal-invasive circumferential spinal cord decompression and subsequent thoracoscopically reconstruction of the anterior vertebral column with an expandable titanium cage.
Case description
The patient is a 59-year-old male with back pain (NRS 6/10) of the lower thoracic spine, resulting in immobilization. The pain level increases during movement or axial load. No leg pain is present. The patient further reports night sweating without weight loss. Beside local tenderness to palpation from T8 to T10, the physical examination shows no abnormality. X-ray of the thoracic and lumbar spine and MRI of the whole spine show a pathologic T9 fracture with spinal cord compression. The staging with CT of the abdomen and thorax reveals an osteolytic destruction of the whole vertebral body and a tumor of the left lung with left sided and contralateral lymph node metastasis without further tumor manifestation. Furthermore a poststenotic pneumonia is diagnosed. After interdisciplinary consultation (oncology/ radiotherapy/spine surgery) the patient is scheduled for spinal stabilization and spinal cord decompression. Thereafter chemotherapy and radiotherapy is planned.
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Surgical procedure
Surgery is planned as a two-step MIS procedure with posterior stabilization and decompression and thoracoscopic vertebral body replacement. Posterior instrumentation is partially done, using Iso-C-3D navigation and compared to conventional fluoroscopic controlled screw placement in order to demonstrate potential solutions for reduced intraoperative radiation exposure to the staff. The anterior procedure is planned from the right side, since the patient had a spontaneous pneumothorax with chest drain insertion on the left side some years ago.
The patient is placed prone. After skin disinfection and sterile draping, the fractured vertebral body is identified using lateral fluoroscopy. A midline longitudinal incision is made at the spinous process of T9. The patient tracker of the navigation system is mounted and a 3D scan (100 pictures/scan) is made. The entry points of the screws are marked, using the navigation system pointer. Stab incision is made and a Jamshidi needle is placed in the T11 pedicle using the navigation. Reaching the posterior wall, the placement is double checked by fluoroscopy. After verification of the correct placement, the needle is advanced further and a K-wire is placed through the needle.
Fluoroscopic controlled screw placement requires a slightly different approach. First the entry point for the pedicle screws is determined by positioning of spinal needles with a 20-30°convergence with the tip, lateral to pedicle oval in the true anterior-posterior fluoroscopic image, and parallel to the upper endplate in extension to the pedicle in the lateral fluoroscopic view.
After determination of the skin entry point, a 1.0-1.5 cm postero-lateral incision is made, followed by incision of fascia and blunt dissection of the muscles. The placement of the Jamshidi needle is performed according to the modified method described by Wiesner et al. [17] . Thereafter a K-wire is placed through the Jamshidi needle. The cannulated screws are positioned using the K-wire as a guide. The final screw position is controlled fluoroscopically.
Prior to the rod insertion, the decompression is made to allow easier subperiosteal dissection of the muscles, and to avoid disturbance of the lateral access to the vertebral body due to the rods. For the same reason, navigated placed caudal K-wires are bent and attached to the drape to ease the insertion of the distractor for decompression. The screw insertion is therefore done after the decompression and extension of the stab incision. For decompression, the midline incision is extended caudally exposing the spinous process and lamina of T9. After insertion of a wound distractor, the spinous process is removed and the lamina is thinned out, using a high-speed drill with subsequent laminectomy. Following the posterior decompression, the nerve roots are exposed with resection of the facet joints, and the pedicle is removed bilaterally. The vertebral body is removed partially in peace-meal fashion, and the posterior wall is removed including the posterior ligament.
After the 360°decompression, the rod is bent, using rod contouring shafts, and insertion is performed in a cephale to caudal direction through the most cranial incision, without needing an extra incision. After rod positioning, blocker nuts are inserted and reduction is performed with fluoroscopic controlled compression. Finally the blocker nuts are tightened and the retractor-blades of the screws are removed. Prior to the wound closure, a peridural catheter is placed for postoperative pain reduction. A drain is placed in site of the decompression and the wound closure is performed with reconstruction of fascia, subcutaneous tissue and skin closure.
The posterior procedure is followed by a thoracoscopic vertebral body replacement (VBR) to complete vertebral body resection and stabilization of the anterior column.
Postoperative information
The patient is monitored after operation on intermediate care facility. No blood transfusion is necessary. The posterior drain is removed 2 days after operation. The chest drains are removed 3 days after thoracoscopic VBR. The patient is mobilized 1 day after the first procedure. No neurological deterioration is observed (Frankel Grade E). The patient received antibiotic treatment (Piperacillin and Tazobactam) due to the preoperative diagnosed pneumonia.
In the postoperative course, the patient receives a local radiotherapy and systemic chemotherapy. In the follow up after 3 and 6 months, the patient reports a markedly decreased pain level NRS 0-2/10. Neither local tumor recurrence nor implant failure/loosening did occur, but the patient suffers from systemic progress of the disease.
Discussion and conclusion
This case demonstrates that MIS techniques in the treatment of spinal metastasis represent a valuable alternative to open procedures. While the life expectancy of patients with multiple spinal metastases is predominantly short [1, 7, 8, 12, 13, 15, 16, 18] , the main benefit might not result from the long-term functional outcome due to decreased muscle dissection and denervation [2, 6] . Nevertheless short term benefits, like reduction in hospital stay, reduction of blood loss and decreased perioperative morbidity remain desirable achievements in the treatment of these patients and may allow earlier initiation of adjuvant therapy [5] . In particular since the MIS procedures offer equivalent technical results and are safe procedures in the hand of experienced spine surgeons.
